The canonical Wnt signalling pathway plays a key role during embryogenesis and defects in this pathway have been implicated in the pathogenesis of various types of tumours, including breast cancer. The gene for secreted frizzled-related protein 1 (SFRP1) encodes a soluble Wnt antagonist and is located in a chromosomal region (8p22-p12) that is often deleted in breast cancer. In colon, lung, bladder and ovarian cancer SFRP1 expression is frequently inactivated by promoter methylation. We have previously shown that loss of SFRP1 protein expression is a common event in breast tumours that is associated with poor overall survival in patients with early breast cancer. To investigate the cause of SFRP1 loss in breast cancer, we performed mutation, methylation and expression analysis in human primary breast tumours and breast cell lines. No SFRP1 gene mutations were detected. However, promoter methylation of SFRP1 was frequently observed in both primary breast cancer (61%, n ¼ 130) and cell lines analysed by methylation-specific polymerase chain reaction (MSP). We found a tight correlation (Po0.001) between methylation and loss of SFRP1 expression in primary breast cancer tissue. SFRP1 expression was restored after treatment of tumour cell lines with the demethylating agent 5-aza-2 0 -deoxycytidine. Most interestingly, SFRP1 promoter methylation was an independent factor for adverse patient survival in Kaplan-Meier analysis. Our results indicate that promoter hypermethylation is the predominant mechanism of SFRP1 gene silencing in human breast cancer and that SFRP1 gene inactivation in breast cancer is associated with unfavourable prognosis.
The canonical Wnt signalling pathway plays a key role during embryogenesis and defects in this pathway have been implicated in the pathogenesis of various types of tumours, including breast cancer. The gene for secreted frizzled-related protein 1 (SFRP1) encodes a soluble Wnt antagonist and is located in a chromosomal region (8p22-p12) that is often deleted in breast cancer. In colon, lung, bladder and ovarian cancer SFRP1 expression is frequently inactivated by promoter methylation. We have previously shown that loss of SFRP1 protein expression is a common event in breast tumours that is associated with poor overall survival in patients with early breast cancer. To investigate the cause of SFRP1 loss in breast cancer, we performed mutation, methylation and expression analysis in human primary breast tumours and breast cell lines. No SFRP1 gene mutations were detected. However, promoter methylation of SFRP1 was frequently observed in both primary breast cancer (61%, n ¼ 130) and cell lines analysed by methylation-specific polymerase chain reaction (MSP). We found a tight correlation (Po0.001) between methylation and loss of SFRP1 expression in primary breast cancer tissue. SFRP1 expression was restored after treatment of tumour cell lines with the demethylating agent 5-aza-2 0 -deoxycytidine. Most interestingly, SFRP1 promoter methylation was an independent factor for adverse patient survival in Kaplan-Meier analysis. Our results indicate that promoter hypermethylation is the predominant mechanism of SFRP1 gene silencing in human breast cancer and that SFRP1 gene inactivation in breast cancer is associated with unfavourable prognosis.
Introduction
The Wnt pathway plays a key role in embryonic development, cell differentiation and cell proliferation (reviewed in Cadigan and Nusse, 1997) . Recently, it has been shown that this critical developmental pathway is deregulated in several human tumour entities, including breast cancer (Polakis, 2000) . Wnt proteins are secreted molecules that interact with transmembrane receptors of the frizzled family. Binding of the Wnt ligand to its receptor activates a complex signalling cascade which leads to stabilisation of cytosolic b-catenin. After translocation into the nucleus b-catenin interacts with LEF/TCF transcription factors leading to downstream target gene activation (Behrens et al., 1996) . Among the members of the Wnt responsive genes are several oncogenes like c-myc, cyclin D1 and c-jun (He et al., 1998; Mann et al., 1999; Tetsu and McCormick, 1999) . Secreted frizzled-related proteins (SFRPs) are a family of Wnt antagonists that harbours a domain homologous to the frizzled receptors, the so-called cysteine-rich domain (Uren et al., 2000) . SFRPs remain associated with the cell membrane and are able to bind Wnt proteins in the extracellular compartment, thereby inhibiting ligand-receptor interaction and signal transduction (Bafico et al., 1999) .
SFRP1 is a putative inhibitor of Wnt signalling (Finch et al., 1997) that is abundantly expressed in normal breast tissue. Its expression is very frequently (>70%) lost or strongly reduced in breast cancer. This has been shown on the RNA level by in situ hybridisation (Ugolini et al., 1999) and on the protein level by immunohistochemistry . Loss of SFRP1 protein expression is associated with poor overall survival (OS) in patients with early breast cancer (pT1 tumours) indicating a putative tumour suppressor gene function of SFRP1 . The SFRP1 gene is located in a chromosomal region (8p22-p12) that is frequently deleted in breast cancer (Seitz et al., 1997) and is thought to harbour a tumour suppressor gene (Lai et al., 2003) .
The cause of SFRP1 loss in breast cancer has not been analysed so far. Recently, SFRP1 gene silencing mediated by promoter hypermethylation has been described in colon cancer (Caldwell et al., 2004; Suzuki et al., 2004) , ovarian cancer (Takada et al., 2004) , bladder cancer (Stoehr et al., 2004; Marsit et al., 2005) , human mesothelioma (Lee et al., 2004) , prostate cancer (Lodygin et al., 2005) and lung cancer (Fukui et al., 2005) . Suzuki et al. (2004) demonstrated a direct link between the epigenetic inactivation of the SFRP1 gene and constitutive Wnt signalling in colorectal cancer. Caldwell et al. (2004) described a low frequency of protein-truncating mutations in the SFRP1 gene in colon cancer.
In this study, we have addressed the question how SFRP1 expression is silenced in breast cancer. To this end we have analysed the human SFRP1 gene in primary breast cancer by mutation and methylation analysis. Furthermore, we performed a parallel expression and promoter methylation analysis in normal and malignant breast cell lines and primary breast cancer. Using methylation-specific polymerase chain reaction (MSP) and reverse transcription PCR (RT-PCR) we found a clear correlation between methylation and loss of SFRP1 expression in both breast cancer and breast cell lines. Clinico-pathologic patient characteristics were statistically correlated with expression and methylation data and revealed an unfavourable prognosis in case of aberrant methylation. Our results indicate that promoter hypermethylation is the predominant mechanism of SFRP1 gene silencing in human breast cancer.
Results

Loss of SFRP1 expression in breast cancer
Loss of SFRP1 expression in breast cancer has previously been demonstrated by RNA in situ hybridisation (Ugolini et al., 2001) and by immunohistochemistry . In both studies the amount of tumours exhibiting significant or complete loss of SFRP1 was approximately 75%. We have further analysed SFRP1 expression by dot blot analysis using a CPA containing 103 cDNAs from 50 breast cancer patients, that is, from 50 primary breast cancers, 50 matching normal breast tissues, and three breast cancer lymph node metastasis specimens (Figure 1 ). Downregulation was defined as the percentage of normal/ tumour tissue pairs exhibiting an at least twofold reduction of SFRP1 expression in the tumour. According to this criterion, the CPA showed downregulation of SFRP1 mRNA in 46 out of 50 primary breast tumours (92%), as well as in all three metastatic lymph nodes, as compared to matched normal breast tissue. SFRP1 was upregulated in only one out of 50 primary breast tumours (2%), as compared to corresponding normal tissue, while in three cases (6%) there was no difference in SFRP1 expression between the tumour and the matched normal breast tissue sample.
LOH and mutation analysis of the SFRP1 gene Allelic loss of the SFRP1 gene locus was analysed in 43 matched normal/tumour DNA samples using the intragenic microsatellite marker D8S532 and the D8S268 marker in the close vicinity of the SFRP1 gene. Allelic loss was shown in 33.0% (D8S532) and 43.8% (D8S268) of informative cases, in total 11 tumours were identified displaying LOH at least with one of the two markers on 8p11.21 (representative examples are shown in Figure 2 ). These 43 tumours were further analysed for SFRP1 mutations by genomic sequencing of SFRP1 exons and splice sites. No pathogenic mutations in the SFRP1 gene could be detected in any of the 43 breast tumour samples.
Hypermethylation and expression of SFRP1 in breast cell lines Since mutations in the SFRP1 gene could not account for its abundant loss in breast cancer we started analysis Figure 1 Downregulation of SFRP1 in breast cancer. Expression profiles were determined using the Clontech cancer profiling array containing cDNA pairs derived from 50 primary breast cancer, 50 normal breast tissue, and three breast tumour lymph node metastasis specimens. Rows T1 (A to Z and aa to ff) and T2 (A to U) represent breast cancer, and rows N1 (A to Z and aa to ff) and N2 (A to G, I, K and M to U) represent normal breast tissue. The outlined groups represent primary tumour (T2-G, T2-I and T2-K) metastatic lymph nodes (T2-H, T2-J and T2-L) and normal breast tissue (N2-G, N2-I and N2-K) from the same patient (T ¼ tumour, N ¼ normal). Figure 3a) . While the non-malignant cell lines exhibited a complete lack of SFRP1 methylation, the malignant cell lines showed hypermethylation of the SFRP1 promoter region. Next we asked whether SFRP1 methylation of tumour cell lines is associated with a loss of SFRP1 mRNA expression in these cells. The RT-PCR experiment demonstrated that SFRP1 mRNA is strongly expressed in MCF10A and MCF12A cells but is not detectable in any of the malignant cell lines harbouring SFRP1 methylation (Figure 3b ).
Re-expression of SFRP1 after treatment with demethylating agents To further support the hypothesis that aberrant SFRP1 methylation is the cause of SFRP1 gene silencing in breast cancer cell lines we treated four representative breast cancer cell lines (BT20, MCF7, SKBR3, T47D) with the demethylating agent DAC. SFRP1 expression of these cells collected at 24 h after the final addition of DAC was analysed by RT-PCR (Figure 3c ). We found that expression of SFRP1 was restored in all four cell lines indicating that promoter demethylation can abrogate the apparent block of SFRP1 transcription in breast cancer cell lines.
Methylation of the SFRP1 promoter in primary breast cancers Owing to SFRP1 promoter methylation found in breast cancer cell lines, we analysed whether promoter methylation may contribute to SFRP1 gene silencing in human primary breast cancer as well. Since it has been reported that normal human tissue may exhibit some degree of age-related gene methylation (Waki et al., 2003) , we analysed, whenever possible, matching samples of tumour and normal breast tissue by MSP. 130 mammary tumour samples, of which 26 had matching normal breast epithelium, were analysed. Representative results are shown in Figure 4 . Altogether, in 107/130 (82%) breast tumour samples (e.g. patients #14, #18, #19, #21, #27 in Figure 4 ) a PCR product was amplified with methylation-specific primers indicating a methylated SFRP1 promoter. Other tumours (e.g. #9, #20 in Figure 4 ) showed no evidence of aberrant SFRP1 promoter methylation since no methylation-specific product was detectable. Some of the methylated breast tumours showed only a very weak but reproducible methylation signal (see e.g. lane M of tumour #19 in Figure 4 ). Although MSP is usually not considered as a quantitative technique, these very weak methylation signals were scored as an independent third group beside unmethylated and (clearly) methylated tumours. To distinguish very weak versus clear methylation we defined a threshold signal as described in Materials and methods. Overall, clear SFRP1 promoter methylation was found in 79 of 130 (61%) breast tumours, very weak methylation was detectable in 28/ 130 (22%) of breast tumours and no methylation was detectable in 18% of tumours (23/130). In the normal breast epithelium, we detetected a very weak methylation signal in 2/26 (8%) of analysed normal breast tissues (data not shown).
Correlation analysis of SFRP1 expression and methylation in primary breast cancers Next we examined SFRP1 mRNA expression by realtime PCR in the same cohort of tumours (n ¼ 130) used for methylation analysis. cDNA was available for 86 of those 130 tumour samples. SFRP1 mRNA was downregulated in 75 of these 86 tumours (87%) compared to normal breast tissue (by a fold change of >2). We found a highly significant correlation (Po0.001; two-tailed Mann-Whitney U-test) between methylation of the SFRP1 promoter and downregulation of the SFRP1 transcript ( Figure 5 ). Grouping of the tumour samples according to their methylation status (no methylation, very weak methylation, clear methylation) revealed that very weakly methylated tumours exhibit a significant degree of SFRP1 mRNA downregulation (P ¼ 0.01), compared to the non-methylated tumours, however, the clearly methylated tumours exhibit a much stronger, highly significant SFRP1 mRNA downregulation (Po0.001) compared to the weakly methylated tumours. Compared to the non-methylated breast tumours (set equal to 1) the very weakly methylated tumours exhibited on average a 2.1-fold downregulation, however, the strongly methylated breast tumours showed on average a 10.1 fold downregulation compared to the non-methylated tumours ( Figure 5 ).
Statistical analysis of clinipathologic patient data
For descriptive data analysis, clinico-pathologic characteristics were associated with the SFRP1 methylation status. Since the weakly methylated tumours exhibited an SFRP1 expression value more similar to the unmethylated tumours, we categorised into two groups: weak or no methylation and clear methylation (Table 3) . A hypermethylated gene promoter was significantly associated with tumour stage (P ¼ 0.032), and loss of SFRP1 RNA transcription (Po0.001), but not with age at diagnosis, lymph node status, grading, oestrogen/ progesteron receptor status and histologic type of invasive breast cancer. OS was compared between clearly methylated versus very weakly and unmethylated SFRP1 alleles by univariate log-rank statistics (Table 4) . Clear hypermethylation was significantly associated with shorter OS (P ¼ 0.045) as shown by Kaplan-Meier analysis ( Figure 6 ). Patients with very weak or no SFRP1 methylation exhibited comparable survival fractions (data not shown). Cox regression analysis was used for the assessment of OS. Only SFRP1 methylation, age at diagnosis, tumour stage, grade and Figure 4 SFRP1 methylation analyses of primary breast cancer specimens. Methylation-specific PCR (MSP) was performed on bisulphite-treated DNA from breast cancer (T) and matching normal primary breast tissue (N). MSP results from seven representative patients are shown. DNA bands in lanes labelled with U indicate PCR products amplified with primers recognising the unmethylated promoter sequence. DNA bands in lanes labelled with M represent amplified products with methylation-specific primers. Human placenta (PL) and in vitro methylated DNA (IVD) served as positive controls for the U and M reaction, respectively. Water was used as template in the negative control (NTC). Note that tumour tissue usually displayed a PCR product in the U-reaction as well, due to contaminating normal tissue (stromal cells, endothelial cells) present in the tumour specimens as has also been described by Suzuki et al. (2004) . Figure 5 Box plot analysis illustrating loss of SFRP1 mRNA expression in relation to SFRP1 promoter methylation. Factor of SFRP1 mRNA downregulation relative to the normal breast standard (a normal breast tissue sample containing approximately 40% of epithelial cells) is shown on the Y axis (fold change N/T). Unmethylated breast tumours exhibit a very moderate SFRP1 downregulation, very weakly methylated tumours exhibit a somewhat stronger downregulation, however, only clearly methylated breast tumours exhibit strong SFRP1 downregulation. This correlation between SFRP1 methylation and SFRP1 mRNA downregulation is highly significant (P-values of the MannWhitney U-test are given for the two comparisons). Horizontal lines: group medians; boxes: 25-75% quartiles, range, peak and minimum.
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J Veeck et al lymph node status were included in the analysis. Limit for stepwise reverse selection procedures has been set to P ¼ 0.2. After reverse selection, only SFRP1 and tumour grade remained in the model of which SFRP1 methylation was significant (P ¼ 0.047). SFRP1 methylation was an independent risk factor for OS (hazard ratio 1.565; 95% confidence interval 0.992-3.657; P ¼ 0.047).
Discussion
It has previously been demonstrated by RNA in situ hybridisation and immmunohistochemistry that SFRP1 expression is lost in about 70% of breast cancer specimens (Ugolini et al., 1999; Klopocki et al., 2004) . Since these two techniques are sometimes difficult to quantify, we have determined SFRP1 expression in breast cancer by quantitative cDNA dot blot analysis of 50 matching normal/tumour tissue pairs. According to the well established 'fold change two approach' (FC2) SFRP1 downregulation in breast cancer was determined to be 92%. Furthermore, applying real-time PCR techniques to an additional set of primary cancers (n ¼ 86) we detected loss of SFRP1 mRNA in 87% of tumours by the FC2 approach. These results clearly indicate that the reported frequencies of SFRP1 loss in breast cancer could be well confirmed by two additional methods in our analysis. Chromosome 8p is a site of frequent genetic alterations in several tumour entities including breast cancer (Seitz et al., 1997) . Particularly the region 8p22-p12 is thought to harbour a tumour suppressor gene that may be involved in the progression of breast cancer (Yokota et al., 1999) . Since the SFRP1 gene is located in this chromosomal region and acts as a Wnt antagonist, it may exert a tumour suppressor gene function. Therefore we analysed 43 primary breast cancers for mutations in the SFRP1 coding sequence and the SFRP1 gene splice acceptor and donor sites. Although LOH with the intragenic microsatellite marker D8S532 showed a considerable frequency of loss (44%) we could not detect any pathogenic mutations within the three SFRP1 exons or splice sites. This indicates that genomic mutations are not a major cause of SFRP1 gene inactivation in breast cancer.
Next we analysed whether epigenetic inactivation mediated by promoter hypermethylation could be involved in SFRP1 gene silencing. Hypermethylation of CpG islands near gene promoter regions has been shown to be associated with transcriptional silencing and represents, in addition to genetic aberrations, an important mechanism of gene inactivation in tumorigenesis. A variety of genes involving fundamental cellular pathways have been demonstrated to undergo aberrant DNA methylation in human cancer (Esteller et al., 2002; Herman and Baylin, 2003; Egger et al., 2004) . We detected complete SFRP1 promoter methylation in eight breast cancerous cell lines, whereas no methylation was detectable in the non-malignant cell lines. SFRP1 expression was found only in MCF10A and MCF12A cells without SFRP1 promoter methylation. The breast cancer cell lines with methylated SFRP1 promoter sequences did not transcribe detectable amounts of SFRP1 mRNA indicating an epigenetic inactivation of the putative tumour suppressor gene SFRP1. After treatment with the DNA methyltransferase inhibtor DAC, SFRP1 expression was restored in all four cell lines, supporting the hypothesis of methylationmediated SFRP1 gene silencing in breast cancer.
We next analysed whether SFRP1 promoter methylation also occurs in human primary breast cancers. SFRP1 promoter methylation has been detected in a variety of solid human tumours, including colorectal cancer , ovarian cancer (Takada et al., 2004) , mesotheliomas (Lee et al., 2004) , and most recently in bladder cancer (Marsit et al., 2005) , lung cancer (Fukui et al., 2005) and prostate cancer (Lodygin et al., 2005) , indicating that loss of SFRP1 expression might be a common mechanism to aberrantly activate Wnt signalling in solid tumours. In the breast tumour samples we detected a clear SFRP1 methylation in 61% (79 out of 130) of cases. An additional 22% (28 out of 130) of tumours exhibited only a very weak methylation signal that we did not incorporate in either of the two other groups (no methylation, clear methylation). Since the U signal from cells without SFRP1 methylation was always strong in these weakly methylated tumours we can rule out technical problems or a limited DNA quality. Therefore, we interpret these specimens as breast tumours having only a small fraction of SFRP1 methylated tumour cells. The intermediate downregulation of the SFRP1 mRNA in these tumours is in accordance with this interpretation.
Our study shows for the first time a striking correlation (Po0.001) between SFRP1 promoter Aberrant methylation of the Wnt antagonist SFRP1 J Veeck et al hypermethylation and SFRP1 mRNA downregulation. Furthermore, multivariate Cox regression analysis showed that SFRP1 promoter hypermethylation may represent an independent adverse prognostic factor for OS in breast cancer. Although we have to address this issue in a larger prospective study, the presented Kaplan-Meier analysis demonstrates that clear SFRP1 promoter methylation is associated with unfavourable prognosis. Interestingly, a similar relationship between loss of SFRP1 promoter methylation and unfavourable disease prognosis has recently been demonstrated for bladder cancer as well (Marsit et al., 2005) . Our data further imply that the correlation between SFRP1 methylation and OS in breast cancer is dependent on a gene dose effect. OS may only be affected if sufficient tumour cells have lost SFRP1 expression due to promoter methylation. Future projects including cloning and sequencing of bisulphite-treated DNA from methylated breast tumours should address this interesting question, potentially leading to the definition of a cutoff level that could be used for breast cancer prognosis.
In breast cancer, several putative tumour suppressor genes have recently been described as being downregulated due to CpG methylation, for example, ADAM32 (Costa et al., 2004) , DSC3 (Oshiro et al. 2005) or TPM1 (Varga et al., 2005) . The loss of their corresponding proteins may lead to major aberrations in important cellular networks, thus promoting tumorigenesis, for example, by affecting cell adhesion (ADAM23 and DCS3) or cell migration (TPM1). Loss of SFRP1 may affect cell proliferation via activation of the Wnt pathway, thereby potentially enhancing tumour growth and promoting malignant transformation.
Since the initial identification of Wnt1 as an effective oncogene in mouse mammary tumour virus-infected mice (Tsukamoto et al., 1988) , several lines of evidence have suggested that activation of the canonical Wnt signalling pathway promotes tumorigenesis in human mammary tissues: b-catenin is actively stabilised in over 50% of breast cancers and its nuclear localisation correlates with poor patient prognosis (Lin et al., 2000) . Several target genes of the Wnt signalling pathway like cyclin D1 are activated in a significant proportion of breast tumours (reviewed in Brown, 2001 ). However, mutational inactivation of Wnt pathway components such as APC and Axin is a rare event in breast cancer compared to other tumour entities like colon or hepatocellular carcinomas. In this study, we found that hypermethylation of the SFRP1 promoter is the predominant cause of SFRP1 gene silencing in breast cancer. Our data raise the hypothesis that methylation of the SFRP1 gene might have comparable effects as mutational inactivation of other negative Wnt regulators (e.g. APC, Axin) resulting in constitutive activation of this signalling pathway in breast cancer. Additional functional studies on the role of the SFRP1 protein and its interactions with other regulatory proteins of the Wnt pathway are needed. These experiments should clarify and extend the importance of the Wnt signalling pathway for the pathogenesis of human breast cancer.
Materials and methods
Clinical material
Matched tumour/normal samples of breast cancer specimens (n ¼ 130) analysed in this study were obtained from patients treated by primary surgery for breast cancer at the Departments of Gynecology at the University Hospitals of Aachen, Jena, Du¨sseldorf and Charite´, Berlin, Germany. Tumour material used for expression analysis was snap frozen in liquid nitrogen immediately after surgery. Haematoxylin-and eosin-stained sections were prepared for assessment of the percentage of tumour cells, only samples with >70% tumour cells were selected for analysis. Frozen tissue samples were homogenised in liquid nitrogen and dissolved in lysis buffer followed by DNA isolation using the blood and cell culture DNA kit (Qiagen, Hilden, Germany) or by RNA isolation using TRIZOL (Gibco-BRL, Glasgow, UK) according to the protocols supplied by the manufacturers. For patients' characteristics see Table 1 .
Cell lines
The human mammary epithelial cell lines MCF10A and MCF12A as well as the breast cancerous cell lines BT20, BT474, MDA-MB-231, MDA-MB-453, SKBR3, MCF7, T47-D and ZR75-1 were obtained from the ATCC (Rockville, MD, USA) and cultured under recommended conditions. MCF10A and MCF12A were additionally supplemented with 10 mg/ml insuline (Novo Nordisk, Bagsvaerd, Denmark), 500 ng/ml hydrocortisone and 20 ng/ml epidermal growth factor (Sigma-Aldrich, Deisenheim, Germany). 
RT-PCR
Of the total RNA, 1 mg was reverse transcribed using the Reverse Transcription System (Promega, Madison, WI, USA). For PCR, 1 ml cDNA was amplified using SFRP1 and GAPDH primers given in Table 2 . Cycle conditions applied for both genes were: 35 cycles of 951C for 1 min, 601C for 1 min, 721C for 1 min and a final extension at 721C for 10 min.
Expression analysis using the cancer profiling array (CPA) The matched tumour/normal expression array used consists of 103 cDNAs, synthesised from human malignant and corresponding normal tissues, that is, 50 breast cancer, 50 normal breast tissue and three breast tumour lymph node metastasis specimens and has been described in Dahl et al. (2005) . Hybridisation using 25 ng of a gene-specific 32 P-labelled cDNA probe digested from Unigene cDNA clone (Accession Number W21306) was performed according to the manufacturer's recommendations. The tumour/normal intensity ratio was calculated using a STORM-860 phosphorimager (Molecular Dynamics, Sunnyvale, CA, USA) and normalised against the background.
Loss of heterozygosity (LOH) analysis
LOH analysis was carried out as described previously (Niederacher et al., 1997) . Briefly, matched normal/tumour DNA samples were analysed for LOH using the two microsatellite markers D8S532 and D8S268. For primer sequences and annealing temperatures see Table 2 . One primer of each primer pair was Cy5-labelled at the 5 0 end. The target sequences were amplified by PCR in 50 ml of 1Â Taq polymerase reaction buffer containing 40 pmol of each primer, 1.5 mM MgCl 2 , 200 mM each of dNTPs, 2.5 U Taq, and 20-50 ng of genomic DNA. Cycling conditions were as follows: 5 min denaturation at 951C, 35 cycles of denaturation at 941C for 1 min, annealing at 581C for 1 min and extension at 721C for 1 min, followed by a final extension for 8 min at 721C. DNA amplification was performed in an Omnigene thermal cycler (Hybaid, Middlesex, UK). PCR products were analysed on 6% polyacrylamide denaturing gels in 0.6 Â TBE buffer in an automated laseractivated fluorescent DNA sequencer (ALFexpress, Pharmacia Biotech, Uppsala, Sweden). In all samples 5 ml of the diluted PCR reaction (1:20-1:80) were mixed with 5 ml of stop solution (90% formamide, 10 mM EDTA, 0.3% bromophenol blue). The mix was denatured at 951C for 10 min, cooled on ice, loaded into each well of the preheated gel (401C), and run for 3-4 h at 30 W. While the samples were undergoing electrophoresis, fluorescence was detected after laser activation. Fluorescent gel data were collected automatically during the electrophoresis and calculated using Fragment Manager (FM1.1) software (Pharmacia), which yields quantification of results in terms of peak size, height and area. The sizes of the two alleles were assigned to the peaks of greatest height; smaller peaks were interpreted as polymerase artefacts, socalled stutter bands. For assessment of allele loss the ratio of allele peak areas was calculated in matched normal and tumour DNA samples. The ratio obtained in tumour DNA divided by the allele peak ratio of paired normal DNA below 0.5, which means an allele signal reduction of 50%, was considered to be indicative of allele loss.
Mutation analysis of SFRP1
All three exons as well as splice sites of SFRP1 were examined for mutations by genomic sequencing analysis. Primer sequences and annealing temperatures are given in Table 2 . The procedure has been described in Stoehr et al. (2004) .
Semiquantitative real-time PCR Semiquantitative PCR was performed using the LightCycler system together with the LightCycler DNA Master SYBR Green I Kit (Roche Diagnostics). Reaction volumes of 20 ml consisted of the following components: 25 mM MgCl 2 , 10 mM forward primer, 10 mM reverse primer, 2 ml LightCyler DNA Master SYBR Green I and 2 ml of cDNA as PCR template. Gene expression was quantified by the comparative C T method, normalising C T values to the housekeeping gene GAPDH and calculating relative expression values (Fink et al., 1998) .
Primer sequences for SFRP1 and GAPDH are listed in Table 2 . The cycling conditions were set up to an initial denaturation at 951C for 15 min, followed by 40 cycles with denaturation at 951C for 20 s, annealing at 601C for 20 s and elongation at 721C for 30 s. To verify the specificity of the PCR products, melting curve analyses were performed. The relative SFRP1 expression levels were standardised to the expression level of a normal breast tissue sample that contained approximately 40% of epithelial cells (tumours generally contained >70% of tumour cells). To ensure experiment accuracy, all reactions were performed in triplicates.
Bisulphite-modification and MSP Of the genomic DNA, 1 mg was bisulphite modified using the DNA modification Kit (Chemicon, Ternecula, CA, USA) according to the manufacturer's recommendations. The final precipitate was eluted in 30 ml of pre-warmed (551C) TEbuffer. Methylation-specific PCR was performed according to Herman et al. (1996) . In short, 1 ml of modified DNA was amplified using MSP primers (see Table 2 ) that specifically recognised either the unmethylated or methylated SFRP1 gene sequence after bisulphite conversion . Normal DNA from human placenta was bisulphite modified to serve as a control for the unmethylated promoter sequence. Normal human DNA was treated in vitro with SssI methyltransferase (New England Biolabs, Beverly, MA, USA) in order to generate a positive control for methylated alleles (Esteller et al., 1999) . Amplification products were visualised on 3% low-range ultra agarose gel (Bio-Rad Laboratories, Hercules, CA, USA) containing ethidium bromide and illuminated under UV light. For the estimation of methylation intensity bisulphite modified in vitro methylated positive control DNA from placenta (IVD) was diluted 1:3 with bisulphite modified placenta DNA, thus representing a methylation status of approximately 30%. Tumour samples were scored as significantly methylated, when the amplification signal was at least as strong as the signal achieved by the diluted IVD probe in the same PCR reaction. Methylation signals were scored as weakly methylated when signal strength was below this cutoff of 30% methylation.
5-Aza-2
0 -deoxycytidine (DAC) treatment Cells were seeded at a density of 3 Â 10 4 cells/cm 2 in a six-well plate on day 0. The demethylating agent DAC (Sigma-Aldrich, Steinheim, Germany) was added to a final concentration of 1 mM in fresh medium on days 1, 2 and 3. Cells were harvested on day 4 for RNA extraction. Control cells were incubated without the addition of DAC and fresh medium was also supplied on days 1, 2 and 3.
Statistical analysis of clinico-pathologic patient data Statistical analyses were completed using SPSS version 12.0. (SPSS, Chicago, IL, USA). Differences were considered statistically significant when P-values were o0.05. Contingency table analysis and two-sided Fisher's exact tests were used to study the statistical association between clinico-pathologic data and methylation status. OS curves comparing patients with or without any of the factors were calculated using the KaplanMeier method, with significance evaluated by two-sided logrank statistics. OS was measured from time of surgery. Patients were censored at the time of their last tumour-free clinical follow-up appointment or at their date of death not related to the tumour. A multivariable Cox regression was employed, testing the independent prognostic relevance of SFRP1 methylation. The limit for reverse selection procedures was P ¼ 0.2. The proportionality assumption for all variables was assessed with log-negative-log survival distribution functions. Characteristics of all variables are summarised in Tables 3 and 4. 
